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(57) ABSTRACT

The present application provides a ZSM-35 molecular sieve
and a preparation method thereof. The ZSM-35 molecular
sieve is an aggregated ZSM-35 molecular sieve having a
hierarchical macro-meso-microporous pore structure. Raw
materials for the preparation method do not include an
organic template agent and a crystal seed, and the prepara-
tion method includes the following steps: preparing a reac-
tant gel where a molar ratio of SiO,, Al,O;, Na,O, K,O,
oxygen-containing acid radical and H,O is (20-40):1.0:(1.5-
2.0):(4.0-6.5):(1.0-4.0):(600-1200); sequentially performing
an aging treatment and a crystallization treatment on the
reactant gel, washing and drying a resulting synthetic prod-
uct. The ZSM-35 molecular sieve provided by the present
application may be obtained by synthesizing without using
an organic template agent and crystal seed, and because it
has a hierarchical pore structure, it is favorable for material
diffusion and mass transfer.
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ZSM-35 MOLECULAR SIEVE AND
PREPARATION METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 201810873721.1, filed on Aug. 2, 2018, which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present application relates to a preparation technol-
ogy of a molecular sieve catalyst, specifically relates to a
ZSM-35 molecular sieve and a preparation method thereof
and, in particular, to an aggregated ZSM-35 molecular sieve
having a hierarchical macro-meso-microporous pore struc-
ture and a green preparation process thereof.

BACKGROUND

A zeolite molecular sieve, especially a silicon-aluminum
zeolite molecular sieve material, is widely used in the fields
of oil refining and fine chemicals synthesis due to its special
pore structure. ZSM-35 molecular sieve is a microporous
molecular sieve material with a FER characteristic topology.
A pore channel of which in the [001] direction is a ten-
membered ring with a size of 0.42x0.54 nm; a pore channel
in the [010] direction is an eight-membered ring with a size
of 0.35x0.48 nm. ZSM-35 molecular sieve has a two-
dimensional intersecting pore channel system that vertically
segments a six-membered ring, where a FER cage is a
spherical cage of 0.6-0.7 nm formed at an intersection of the
eight-membered ring pore channel and the six-membered
ring pore channel. ZSM-35 molecular sieve has excellent
adsorption property and shape selectivity when being used
as catalysts, and has been widely used in the processes of
aromatic alkylation, olefin oligomerization and isomeriza-
tion, Xylene isomerization, reforming liquid and naphtha
upgrading, and fuel oil pour point lowering, especially in the
skeletal isomerization reaction of linear olefins, the ZSM-35
molecular sieve shows very high product selectivity.

As a class of molecular sieve products that have been
widely recognized and used, ZSM-35 molecular sieve, like
most FER-type zeolites, requires using organics as a struc-
ture-directing agent or a template agent in a synthesis
process, or using a crystal seed method, these are already
generally accepted as the most commonly used process
methods.

Many organic amines and some oxXygen-containing
organic compounds are currently known as the template
agent such as ethylenediamine, hexamethylenediamine, pyr-
rolidine, tetrahydrofuran, cyclohexylamine and the like.
Where U.S. Pat. No. 4,016,245 disclosed a method for
synthesizing a ZSM-35 molecular sieve using ethylenedi-
amine or pyrrolidine as a template agent; U.S. Pat. No.
4,146,584 disclosed a method for synthesizing a ZSM-35
molecular sieve using butanediamine as a template agent,
which showed the molecular sieve prepared using butane-
diamine as the template agent has higher purity and better
performance than that using traditional ethylenediamine and
pyrrolidine as template agents; U.S. Pat. No. 4,205,053
disclosed a method for preparing a ZSM-35 molecular sieve,
which showed that a nitrogen-containing template agent plus
a nitrogen-containing compound may control morphologies
and properties of a crystallite; U.S. Pat. No. 4,795,623
disclosed a method for preparing a ZSM-35 molecular sieve
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using piperidine as a template agent; U.S. Pat. No. 4,925,548
disclosed a method for synthesizing a ZSM-35 molecular
sieve using hexamethylimine as a template agent.

CN104418357B disclosed a method for synthesizing a
ZSM-35 molecular sieve by a crystal seed induction method
using ZSM-35 crystal seed with a weight of 5.0 wt %-10.0
wt % based on a total weight of a SiO,-based silicon source,
but the preparation of the crystal seed still required a
template agent. CN101973563B synthesized a conventional
microporous ZSM-35 molecular sieve by RUB-37 or ZSM-
35 as a crystal seed, with the molecular sieve crystal seed
being used in an amount of 3%-10% based on a total weight
of a silicon source.

In comparison, a molecular sieve obtained using an
organic template agent method has higher crystallinity, but
the organic template agent is expensive, and the removal of
the template agent requires high-temperature roasting and
the like, which causes serious environmental pollution; the
crystal seed method may synthesize a ZSM-35 molecular
sieve without an organic template agent, but the ZSM-35
molecular sieve synthesized at present has a low crystallinity
and the amount of crystal seed added is large, and the
preparation of the crystal seed still requires using the organic
template agent.

In addition, most of ZSM-35 molecular sieves synthe-
sized by conventional techniques are typical microporous
molecular sieves, and their application ranges and charac-
teristic performances are based on microporous character-
istics, so both synthetic methods and product structural
morphology studies pursue distribution and existence of
microporous pore channels in the molecular sieves. When
being used as a catalyst for conversion of macromolecular
reactants, only depending on smaller pore channel structure
is not favorable for diffusion and mass transfer of reactants
and products, while if mesopores or even macropores are
intended to be introduced into a microporous molecular
sieve, it needs to use an acid/alkali post-treatment or intro-
duce a mesoscale template agent to achieve pore expanding.

In summary, in the existing ZSM-35 molecular sieve
technologies, there is no report about an aggregated ZSM-35
molecular sieve with a hierarchical macro-meso-micropo-
rous pore structure, and there is also no report about ZSM-35
molecular sieve synthesis technology under the condition of
using no organic template agent or crystal seed.

SUMMARY

With respect to the above deficiencies in the prior art, the
present application provides a ZSM-35 molecular sieve,
which has an aggregate morphology and has a hierarchical
macro-meso-microporous pore structure and is favorable for
diffusion and mass transfer of reactants and products.

The present application also provides a preparation
method of a ZSM-35 molecular sieve, where an aggregated
ZSM-35 molecular sieve having a hierarchical macro-meso-
microporous pore structure is synthesized without using an
organic template agent and a crystal seed.

To achieve the above object, the present application
provides a ZSM-35 molecular sieve, which is an aggregated
ZSM-35 molecular sieve having a hierarchical macro-meso-
microporous pore structure.

According to the definition of the International Union of
Pure and Applied Chemistry (IUPAC), a micropore is a pore
with a pore diameter of less than 2 nm; a mesopore has a
pore diameter of between 2-50 nm; a macropore has a pore
diameter of greater than 50 nm. Therefore, the conclusions
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for pore channel structure characterization of a molecular
sieve of the present application also follow the definition of
TUPAC.

The ZSM-35 molecular sieve provided by the present
application has a hierarchical macro-meso-microporous
pore structure, and all levels of pore distribution or pore
channel structure existence may be clearly seen from char-
acterization results, where micropores have a pore volume of
no less than 0.120 cm®/g, mesopores have a pore volume of
no less than 0.100 cm>/g, macropores have a pore volume of
no less than 0.70 cm®/g, the pore diameter distribution of
macropores is mainly concentrated within 700 nm, and a
sphere-like aggregate morphology may be detected. Thus,
the ZSM-35 molecular sieve has a good adsorptive property,
which is favorable for diffusion and mass transfer of reac-
tants and products, especially for diffusion and mass transfer
of materials during the process of the relatively larger-size
molecules’ conversion; and has a higher conversion effi-
ciency and isomerization selectivity when it used for C4 or
C5 skeletal isomerization.

The ZSM-35 molecular sieve provided by the present
application may be prepared according to a method includ-
ing steps of:

preparing a reactant gel where a molar ratio of SiO,,
Al,O;, Na, 0, K, 0O, oxygen-containing acid radical and H,O
is (20-40):1.0:(1.5-2.0):(4.0-6.5):(1.0-4.0):(600-1200); and

sequentially performing an aging treatment and a crystal-
lization treatment on the reactant gel, and washing and
drying a resulting synthetic product to obtain the ZSM-35
molecular sieve.

The above aggregated ZSM-35 molecular sieve with a
hierarchical pore structure may be obtained by preparing a
composition-given reactant gel and performing aging and
crystallization processes on the reactant gel. In particular, in
the above preparation method, raw materials used may not
contain an organic template agent and a crystal seed, that is,
the ZSM-35 molecular sieve may be prepared without using
an organic template agent and a crystal seed, thereby avoid-
ing a series of problems, such as environmental pollution
and high cost caused by the use of the organic template agent
and the crystal seed as in traditional preparation processes.
And because the raw materials used are all conventional
materials that are harmless, the ZSM-35 molecular sieve
may be obtained through a green and environmental friendly
process and has an advantage of low cost.

Moreover, the ZSM-35 molecular sieve prepared using
the above preparation method may provide a molecular
sieve product with higher relative crystallinity, being higher
than the relative crystallinity of a ZSM-35 molecular sieve
synthesized by a crystal seed method, and is further favor-
able for playing catalytic performance thereof.

The present application also provides a preparation
method of a ZSM-35 molecular sieve, where raw materials
for the preparation method do not contain an organic tem-
plate agent and a crystal seed, including steps of:

preparing a reactant gel where a molar ratio of SiO,,
Al,O;, Na, 0, K, 0O, oxygen-containing acid radical and H,O
is (20-40):1.0:(1.5-2.0):(4.0-6.5):(1.0-4.0):(600-1200); and

sequentially performing an aging treatment and a crystal-
lization treatment on the reactant gel, washing and drying a
resulting synthetic product to obtain the ZSM-35 molecular
sieve.

According to the preparation method of the present appli-
cation, under the condition of using no organic template
agent and crystal seed, by adjusting given composition of a
reactant gel, and utilizing synergistic action of potassium
ions and sodium ions, and using a small amount of oxygen-
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containing acid radicals as a nucleating promoter to promote
the nucleation of the ZSM-35 molecular sieve and shorten
crystallization time, the synthesized ZSM-35 molecular
sieve has a sphere-like aggregate morphology and a hierar-
chical macro-meso-microporous pore structure, and most of
macropores have a distribution of less than 700 nm, which
is favorable for mass transfer and diffusion of materials,
especially for diffusion and mass transfer of materials during
the process of the larger-size molecules’ conversion, and
may improve conversion efficiency and isomerization selec-
tivity when molecular sieve is used for C4 or C5 skeletal
isomerization. At the same time, since the raw materials
required for synthesizing the ZSM-35 molecular sieve do
not contain toxic and harmful substances, the whole prepa-
ration process is green and environmentally friendly, and the
operation steps are simple and easy to operate.

In the present application, the reaction raw materials for
preparing the reactant gel include an aluminum source, a
silicon source, acid phosphate, and water, and the oxygen-
containing acid radical in the reactant gel is derived from the
acid phosphate.

As the name suggests, the aluminum source and the
silicon source in the reaction raw materials are used to
provide Al,O; and SiO,, respectively. In the present appli-
cation, both of the aluminum source and the silicon source
may be commonly used aluminum source and silicon source
in the current ZSM-35 molecular sieve synthesis processes,
for example, the aluminum source may specifically be
sodium metaaluminate, which provides Na ions (Na,O)
while providing Al,O;; and the silicon source may specifi-
cally be a silica sol or white carbon black.

Moreover, the preparation method of the present applica-
tion has low requirements on raw materials, and industrial
grade raw materials may be used to obtain a ZSM-35
molecular sieve having desired properties. For example, the
aluminum source may use industrial grade sodium metaalu-
minate, where NaAlO, has a mass fraction of 80%. The
silicon source may be selected from industrial grade silica
sol or industrial grade white carbon black. Industrial grade
silica sol is generally used, with a mass concentration of
30% and containing about 0.45% sodium oxide based on
silicon dioxide.

Specifically, the above acid phosphate may be monohy-
drogen phosphate, for example selected from dipotassium
hydrogen phosphate, disodium hydrogen phosphate or diam-
monium hydrogen phosphate, or a mixture of the above
various monohydrogen phosphates, monohydrogen phos-
phate radical (HPO,>") provided by them, as a nucleating
promoter, may effectively promote the nucleation of ZSM-
35 molecular sieve and shorten crystallization time. Of
course, if the acid phosphate is selected from dipotassium
hydrogen phosphate or disodium hydrogen phosphate,
potassium ions (K,O) or sodium ions (Na,O) are corre-
spondingly provided in the reactant gel.

In the present application, a molar ratio of sodium to
potassium (both by their oxide forms) in the reactant gel is
critical for performances of a ZSM-35 molecular sieve
product. The inventor finds that when the molar ratio of
other components is maintained to meet the above require-
ments, when the molar ratio of Na,O to K,O is (1.5-2.0):4.0,
that is, the molar ratio of Si0,, Al,0;, Na,O, K,O, oxygen-
containing acid radical and H,O is (20-40):1.0:(1.5-2.0):4.0:
(1.0-4.0):(600-1200), the synthesized product is an eutectic
of mordenite (MOR) and FER. While when the molar ratio
of' Na,O to K,O goes beyond the above range, for example,
when the molar ratio of other components satisfies the above
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requirements, but the molar ratio of Na,O to K,0 is 3.5:2.0
or 2.0:3.5, the obtained product is MOR.

Therefore, when the molar ratio of Na,O to K,O in the
reactant gel does not satisfy the above range, one or more of
sodium hydroxide, potassium hydroxide, sodium chloride
and potassium chloride may be added to the reaction raw
materials in an appropriate amount to adjust concentration of
potassium ions or sodium ions, respectively, so as to make
the ratio of sodium to potassium maintains within the above
range. At the same time, the added sodium hydroxide and/or
potassium hydroxide are/is also used to adjust the pH of the
reactant gel to maintain in a weakly alkaline range, generally
the pH is controlled to be 10-12. In general, first sodium
hydroxide and/or potassium hydroxide are/is added to make
the pH meet the requirement, for example, to make the pH
reach about 10.5 or 11, and then an appropriate amount of
sodium chloride and/or potassium chloride are/is added to
reach the above required ratio of sodium to potassium.

Mixing of all the above raw materials may be carried out
in accordance with conventional operations in the art. Spe-
cifically, the above raw materials may be added to mix in an
order of aluminum source, alkali (sodium hydroxide and/or
potassium hydroxide), water, oxysalt, silicon source, and
supplemented water so as to obtain a reactant gel. In a
specific implementation process of the present application,
the alkali is first dissolved in part of water until it is
completely dissolved, then the aluminum source is added,
and after the solution is clarified, an aqueous solution of the
oxysalt is added and uniformly mixed, next the silicon
source is added dropwise, and after the addition of the
silicon source is completed, the remaining part of the water
is supplemented, to obtain the reactant gel.

The aging of the reactant gel may be carried out at 25-40°
C. for at least 2 h, generally 2-4 h. For example, the aging
may be carried out while maintaining a stirring state and the
time of the aging process may be based on system tempera-
ture, and a higher temperature accelerates the aging process,
and vice versa. For example, when an aging temperature is
controlled to be about 25° C., an aging time is about 4 h.

The reactant gel that the aging is completed may then be
subjected to a crystallization treatment. Generally, a crys-
tallization temperature is controlled to be 150-195° C. and a
crystallization time is at least 48 h. The present application
uses oxygen-containing acid radical as a nucleating pro-
moter, shortens the crystallization time. Therefore, generally
the crystallization time being controlled to be 48-120 h may
obtain a highly crystallized ZSM-35 molecular sieve.

It can be understood that the crystallization time may be
appropriately adjusted according to the crystallization tem-
perature. Generally, the higher the crystallization tempera-
ture, the shorter the crystallization time. For example, the
crystallization is performed at 150-160° C. for about 120 h,
or at 170-180° C. for about 72 h or at 190-195° C. for about
48 h.

In addition to the above one-stage crystallization mode, a
two-stage crystallization mode may be employed, that is,
firstly a pre-crystallization (the first-stage crystallization) is
performed, then the second-stage crystallization is per-
formed by adjusting temperature. Specifically, the first-stage
crystallization (or called high-temperature pre-crystalliza-
tion) is performed at a high temperature of 175-195° C. for
6-24 h, and then the second-stage crystallization is per-
formed at 150-175° C. for 6-72 h; or, the first-stage crys-
tallization (or called low-temperature pre-crystallization) is
performed at a low temperature of 150-175° C. for 6-24 h,
and then the second-stage crystallization is performed at
175-195° C. for 48-72 h.
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In a specific implementation process provided by the
present application, firstly a high-temperature pre-crystalli-
zation is performed at 190-195° C. for 6-10 h, and then a
crystallization is performed at 150-160° C. for about 65-72
h; or firstly a pre-crystallization is performed at 150-160° C.
for about 20-24 h, and then a crystallization is performed at
175-195° C. for about 70-72 h.

The inventor has found that the morphology of a product
obtained by the low-temperature pre-crystallization is sub-
stantially the same as that obtained by the one-stage crys-
tallization, while the crystal size and aggregate size of a
product obtained by the high-temperature pre-crystallization
are significantly smaller. Therefore, appropriate crystalliza-
tion modes and conditions may be selected according to
actual needs, for example, a ZSM-35 molecular sieve with
a smaller crystal size and an aggregate size may be obtained
by the high-temperature pre-crystallization.

Specifically, the crystallization process can be carried out
by a dynamic crystallization, in particular, a rotational
dynamic crystallization. For example, it is carried out in a
rotating oven, and a rotation speed is controlled to be 30-60
rpm. In a specific implementation process of the present
application, the reactant gel after the aging has completed is
charged into a polytetrafluoroethylene-lined high-pressure
reactor, and is subjected to a dynamic crystallization in a
rotating oven at 150-195° C. with a rotation speed of 30-60
rpm.

A synthesized product after the crystallization has been
completed may be first subjected to solid-liquid separation,
and then the resulting solid portion is washed and dried to
obtain a target product. Where the solid-liquid separation
and the washing are conventional operations well known to
persons of ordinary skill in the art. For example, the solid-
liquid separation may be carried out by filtrating, and the
washing generally means washing with deionized water
until generally the product is neutral or near neutral. Usually
the solid-liquid separation and the washing include multiple
operations, generally 1-3 times. The drying is usually carried
out at 100-140° C. for 5-12 h, effectively removing water in
the synthesized product, thus obtaining the ZSM-35 molecu-
lar sieve.

The ZSM-35 molecular sieve provided by the present
application has a hierarchical macro-meso-microporous
pore structure and a spheroid-like aggregate morphology,
and thus has a good adsorptive property, which is favorable
for diffusion and mass transfer of materials, especially for
diffusion and mass transfer of materials during larger-size
molecules’ conversion process; and has higher conversion
efficiency and isomerization selectivity when being using for
C4 or C5 skeletal isomerization. Moreover, the ZSM-35
molecular sieve may be prepared without an organic tem-
plate agent and crystal seed, thereby it has the advantages of
simple preparation process, friendly to environment and low
cost.

A preparation method of a ZSM-35 molecular sieve
provided by the present application has the following advan-
tages:

1) the prepared product is a ZSM-35 molecular sieve with
a hierarchical macro-meso-microporous pore structure and a
spheroid-like aggregate morphology, so that the ZSM-35
molecular sieve has good adsorptive property and catalytic
property, which will be favorable for diffusion and mass
transfer of materials when it is applied to larger-size mol-
ecules’ conversion processes, and it has higher conversion
efficiency and isomerization selectivity when being used for
C4 or C5 skeletal isomerization;
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2) the preparation method can synthesize a pure phase
ZSM-35 molecular sieve without an expensive, toxic and
harmful organic template agent, and subsequently there is no
need to roasting and deaminizing, having less environmental
pollution;

3) the preparation method promotes nucleation by intro-
ducing oxygen-containing acid radical ions, but not using a
crystal seed, which not only shortens crystallization time,
but also a relative crystallinity of the synthesized ZSM-35
molecular sieve is higher than that of a ZSM-35 molecular
sieve synthesized by a crystal seed method, and the prepa-
ration process is environmental friendly;

4) Using the preparation method may introduce a certain
amount of mesopores without an acid/base post-treatment or
introduction of a mesoscale template agent, so that not only
the prepared ZSM-35 molecular sieve has a hierarchical
macro-meso-microporous pore structure and a spheroid-like
aggregate morphology;

but also operations in the whole preparation process are
simple and routine operations in the field, and raw materials
used are non-toxic and harmless, and the whole preparation
process is green and environment-friendly, which is conve-
nient for practical application and promotion;

5) The silicon and aluminum sources used are of industrial
grade purity, and are cheap and easy to get. At the same time,
the addition of a nucleating promoter shortens crystallization
time, reduces energy consumption, raw material cost and
time cost, and is more conducive to industrial application.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an X-ray diffraction (XRD) spectrum of a
ZSM-35 molecular sieve prepared according to Example 1
of the present application;

FIG. 2 is a 2000-fold magnified field emission scanning
electron microscope (SEM) photograph of the ZSM-35
molecular sieve prepared according to Example 1 of the
present application;

FIG. 3 is a 10000-fold magnified SEM photograph of the
ZSM-35 molecular sieve prepared according to Example 1
of the present application;

FIG. 4 is a N, adsorption-desorption isotherm curve of the
ZSM-35 molecular sieve prepared according to Example 1
of the present application;

FIG. 5 is a BJH pore diameter distribution diagram of the
ZSM-35 molecular sieve prepared according to Example 1
of the present application;

FIG. 6 is a mercury injection/mercury removal curve of
the ZSM-35 molecular sieve prepared according to Example
1 of the present application;

FIG. 7 is a pore diameter distribution diagram corre-
sponding to a mercury intrusion method of the ZSM-35
molecular sieve prepared according to Example 1 of the
present application;

FIG. 8 is a transmission electron microscope (TEM)
image of the ZSM-35 molecular sieve prepared according to
Example 1 of the present application;

FIG. 9 is a partial high magnification TEM image of the
ZSM-35 molecular sieve prepared according to Example 1
of the present application;

FIG. 10 is a XRD spectrum of a ZSM-35 prepared
according to Example 2 of the present application;

FIG. 11 is a 5000-fold magnified SEM photograph of the
ZSM-35 prepared according to Example 2 of the present
application;
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FIG. 12 is a N, adsorption-desorption isotherm curve of
the ZSM-35 molecular sieve prepared according to Example
2 of the present application;

FIG. 13 is a BJH pore diameter distribution diagram of the
ZSM-35 molecular sieve prepared according to Example 2
of the present application;

FIG. 14 is a XRD spectrum of a ZSM-35 prepared
according to Example 3 of the present application;

FIG. 15 is a 10000-fold magnified SEM photograph of the
ZSM-35 prepared according to Example 3 of the present
application;

FIG. 16 is a XRD spectrum of a ZSM-35 prepared
according to Example 4 of the present application;

FIG. 17 is a XRD spectrum of a ZSM-35 prepared
according to Example 5 of the present application;

FIG. 18 is a XRD spectrum of a ZSM-35 prepared
according to Example 6 of the present application;

FIG. 19 is a XRD spectrum of a ZSM-35 prepared
according to Example 7 of the present application;

FIG. 20 is a 5000-fold magnified SEM photograph of the
7X-35 prepared according to Example 7 of the present
application;

FIG. 21 is a XRD spectrum of a ZSM-35 prepared
according to Example 8 of the present application;

FIG. 22 is a XRD spectrum of a ZSM-35 prepared
according to Comparative Example 1 of the present appli-
cation;

FIG. 23 is a 5000-fold magnified SEM photograph of the
ZSM-35 prepared according to Comparative Example 1 of
the present application;

FIG. 24 is a 20000-fold magnified SEM photograph of the
ZSM-35 prepared according to Comparative Example 1 of
the present application;

FIG. 25 is a XRD spectrum of a ZSM-35 prepared
according to Comparative Example 2 of the present appli-
cation;

FIG. 26 is a XRD spectrum of a ZSM-35 prepared
according to Comparative Example 3 of the present appli-
cation;

FIG. 27 is a XRD spectrum of the ZSM-35 prepared
according to Comparative Example 3 of the present appli-
cation;

FIG. 28 is a 3500-fold magnified SEM photograph of the
ZSM-35 prepared according to Comparative Example 3 of
the present application;

FIG. 29 is a XRD spectrum of a ZSM-35 prepared
according to Comparative Example 4 of the present appli-
cation;

FIG. 30 is a 5000-fold magnified SEM photograph of the
7X-35 prepared according to Comparative Example 4 of the
present application.

DETAILED DESCRIPTION OF EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of embodiments of the present application clearer, the
following clearly and comprehensively describes the tech-
nical solutions in the embodiments of the present application
with reference to the accompanying drawings of the embodi-
ments of the present application. Apparently, the described
embodiments are merely part of embodiments rather than all
embodiments of the present application.

In the following examples and comparative examples:

XRD spectrums were measured by a Bruck AXS D8
Advance X-ray diffractometer, Germany;

SEM photographs were taken from a Zeiss ULTRA 55
field emission scanning electron microscope, Germany;
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BET specific surface area and pore structure parameters
of'a sample were measured using a Quanta chrome Autosorb
iQ high performance fully automatic gas adsorber. Where
the specific surface area of the sample was calculated by
BET equation according to an adsorption equilibrium iso-
therm with a relative pressure between 0.05 to 0.25; a total
pore volume is calculated by conversing an adsorption
amount at a relative pressure of 0.99 into a liquid nitrogen
volume; micropore specific surface area and micropore
volume of the sample were calculated by a t-plot model;
pore diameter distributions of mesopores and micropores of
the sample were calculated by Barrett-Joyner-Halenda
(BJH) method.

A mercury intrusion adsorption experiment of the sample
was carried out on an AutoPore IV 9500 mercury intrusion
apparatus manufactured by Micromeritics Company, USA,
with an experimental pressure of 0-30000 psia.

The mentioned relative crystallinity of the ZSM-35
molecular sieve refers to a ratio, in percentage, of the sums
of peak areas at 20=9.3°, 22.3°, 22.5°, 23.3°, 23.5°, 24.4°,
25.2°and 25.6° in a XRD spectrum of a synthesized product.
The crystallinity of a ZSM-35 molecular sieve sample
(Comparative Example 4) synthesized by the crystal seed
method was set to be 100%.

Example 1

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until to clear and transparent. At
the same time, 2.088 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % was dissolved in 10 g of
deionized water, which was dropwise added to the above
clear and transparent solution, continuing to stir for 15 min,
and then 24 g of a silica sol having a concentration of 30 wt.
% (based on Si0O,, the same below) was dropwise added to
the resulting solution, a small amount of deionized water
was supplemented after the addition of the silica sol was
completed, intensely stirring for 30 minutes to obtain a
reactant gel. The molar ratio of components in the reactant
gel is about: 1.5Na,0:4K,0:20Si0,:1A1,0,:2HPO,*":
600H,0.

Under stirring, the reactant gel was aged at about 25° C.
for about 4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having a polytetrafluoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 112.6%, as shown in FIG. 1. It is determined
through SEM that the ZSM-35 molecular sieve had a
sphere-like aggregate morphology formed by stacking of
crystal nanosheets, as shown in FIGS. 2 and 3.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 325.3 m?/g, a
microporous pore volume of 0.134 ¢cm’/g, a mesoporous
pore volume of 0.118 ecm®/g, and a typical I and IV mixed
type adsorption isotherm as shown in FIG. 4, indicating that
the sample had an obvious meso-microporous pore channel
structure characteristic; its hysteresis loop type belongs to
H4 type, indicating that the adsorbent is a material contain-
ing narrow fracture-pores; as shown in a BJH pore diameter
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distribution diagram of FIG. 5, mesopores were distributed
at 25-35 nm, while a certain amount of macropores were
distributed at 60-100 nm.

A mercury injection/mercury removal curve measured by
a mercury intrusion method was shown in FIG. 6. There was
a large hysteresis loop in the curve, indicating that there was
a large number of macroporous pore channels in the sample,
the macropores had a pore volume of 0.83 cm?/g. It could
also be known from a corresponding pore diameter distri-
bution curve diagram (FIG. 7) that there were scattered
macroporous pore channels in the sample, and the pore
diameter distribution thereof is 100-700 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

FIG. 8 and FIG. 9 were transmission electron microscope
images of the ZSM-35 molecular sieve, and FIG. 8 and FIG.
9 showed that the ZSM-35 molecular sieve had a particle
size of about 6 um, and light transmitting portions in the
figures were mesopores or macropores formed by stacking
between crystal nanosheets.

Example 2

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 1.044 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % and 0.894 g of potassium
chloride having a purity of 98 wt. % were dissolved in 10 g
of deionized water, which was dropwise added to the above
clear and transparent solution, stirring for 15 min, and then
24 g of silica sol having a concentration of 30 wt. % was
dropwise added to the resulting solution, a small amount of
deionized water was supplemented after the addition of the
silica sol was completed, intensely stirring for 30 minutes to
obtain a reactant gel. The molar ratio of components in the
reactant gel is about: 1.5Na,0:4K,0:20Si0,:1A1,0;:
1HPO,>~:600H,0.

Under stirring, the reactant gel was aged at about 40° C.
for about 2 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafiuoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 104.5%, as shown in FIG. 10. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate formed by stacking of crystal
nanosheets, as shown in FIG. 11.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 312 m%/g, a
microporous pore volume of 0.131 cm®/g, a mesoporous
pore volume of 0.109 cm?/g, and a typical I and IV mixed
type adsorption isotherm, as shown in FIG. 12, indicating
that, as the same as Example 1, the sample also had a
meso-microporous pore channel structure characteristic; its
hysteresis loop type belonged to H4 type, indicating that the
adsorbent is a material containing narrow fracture-pores; It
could be known from a BJH pore diameter distribution
diagram (FIG. 13) that mesopores of the molecular sieve
were distributed at 20-30 nm, while a certain amount of
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macropores were at 40-80 nm. A mercury intrusion experi-
ment showed that the sample had macroporous pore chan-
nels with a macroporous pore volume of 0.81 cm>/g and a
macroporous pore diameter distribution of 100-650 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Example 3

0.825 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 0.718 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 1.218 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % was dissolved in 10 g of
deionized water, which was dropwise added to the above
clear and transparent solution, stirring for 15 min, and then
14 g of silica sol having a concentration of 30 wt. % was
dropwise added to the solution, a small amount of deionized
water was supplemented after the addition of the silica sol
was completed, intensely stirring for 30 minutes to obtain a
reactant gel. The molar ratio of components in the reactant
gel is about: 1.5Na,0:4K,0:20Si0,:1A1,0,:2HPO,*":
1200H,0.

Under stirring, the reactant gel was aged at about 31-32°
C. for about 3 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafluoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 109.6%, as shown in FIG. 14. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate formed by stacking of crystal
nanosheets, as shown in FIG. 15.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 332 m%/g, a
microporous pore volume of 0.131 ¢cm’/g, a mesoporous
pore volume of 0.119 cm?/g, and mesopores thereof were
distributed at 25-35 nm, while a certain amount of macropo-
res were at 45-80 nm. A mercury intrusion experiment
showed that the sample had macroporous pore channels with
a macroporous pore volume of 0.75 cm®/g and a macropo-
rous pore diameter distribution of 100-650 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Example 4

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 2.088 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % was dissolved in 10 g of
deionized water, which was dropwise added to the above
clear and transparent solution, stirring for 15 min, and then
24 g of silica sol having a concentration of 30 wt. % was
dropwise added to the solution, a small amount of deionized
water was supplemented after the addition of the silica sol
was completed, intensely stirring for 30 minutes to obtain a
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reactant gel. The molar ratio of components in the reactant
gel is about: 1.5Na,0:4K,0:20Si0,:1A1,0,:2HPO,*":
600H,,0.

Under stirring, the reactant gel was aged at about 25° C.
for about 4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafiuoroethylene liner, and dynami-
cally crystallized in an oven at 150° C. for 120 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 100.5%, as shown in FIG. 16. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate morphology formed by stacking of
crystal nanosheets.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 332 m%/g, a
microporous pore volume of 0.124 ¢cm’/g, a mesoporous
pore volume of 0.126 cm’/g, and mesopores thereof were
distributed at 15-25 nm, while a certain amount of macropo-
res were at 45-80 nm. A mercury intrusion experiment
showed that the sample had macroporous pore channels with
a macroporous pore volume of 0.78 cm®/g and a macropo-
rous pore diameter distribution of 100-600 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Example 5

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 2.088 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % was dissolved in 10 g of
deionized water, which was dropwise added to the above
clear and transparent solution, stirring for 15 min, and then
24 g of silica sol having a concentration of 30 wt. % was
dropwise added to the solution, a small amount of deionized
water was supplemented after the addition of the silica sol
was completed, intensely stirring for 30 minutes to obtain a
reactant gel. The molar ratio of components in the reactant
gel is about: 1.5Na,0:4K,0:20Si0,:1A1,0,:2HPO,*":
600H,,0.

Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafiuoroethylene liner, and dynami-
cally crystallized in an oven at 195° C. for 48 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 103.5%, as shown in FIG. 17. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate morphology formed by stacking of
crystal nanosheets.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 332 m%/g, a
microporous pore volume of 0.121 ¢cm’/g, a mesoporous
pore volume of 0.119 cm®/g, and mesopores thereof were
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distributed at 20-35 nm, while a certain amount of macropo-
res were at 40-90 nm. A mercury intrusion experiment
showed that the sample had macroporous pore channels with
a macroporous pore volume of 0.80 cm®/g and a macropo-
rous pore diameter distribution of 100-600 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Example 6

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 2.088 g of industrial grade dipotassium hydrogen
phosphate having a purity of 95 wt. % was dissolved in 10
g of deionized water, which was dropwise added to the
above clear and transparent solution, stirring for 15 min, and
then 24 g of silica sol having a concentration of 30 wt. %
was dropwise added to the solution, a small amount of
deionized water was supplemented after the addition of the
silica sol was completed, intensely stirring for 30 minutes to
obtain a reactant gel. The molar ratio of components in the
reactant gel is about: 1.5Na,0:4K,0:20Si0,:1A1,0;:
2HPO,*~:600H,0.

Under stirring, the reactant gel was aged at about 28° C.
for about 3.5 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafluoroethylene liner, pre-crystallized
in an oven at 150° C. for 24 h, and then dynamically
crystallized at 175° C. for 72 h, the rotational speed was
maintained at 60 rpm throughout the crystallization process.
After the end of the crystallization, a resulting synthetic
product was filtered, washed with deionized water until
neutral, and then dried at 120° C. for 5 h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 102.8%, as shown in FIG. 18. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate morphology formed by stacking of
crystal nanosheets.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 342 m%/g, a
microporous pore volume of 0.132 ¢cm’/g, a mesoporous
pore volume of 0.112 ecm?/g, and mesopores thereof were
distributed at 25-40 nm, while a certain amount of macropo-
res were at 50-90 nm. A mercury intrusion experiment
showed that the sample had macroporous pore channels with
a macroporous pore volume of 0.84 cm®/g and a macropo-
rous pore diameter distribution of 100-700 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Example 7

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 2.088 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % was dissolved in 10 g of
deionized water, which was dropwise added to the above
solution, stirring for 15 min, and then 24 g of silica sol
having a concentration of 30 wt. % was dropwise added to
the solution, a small amount of deionized water was supple-
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mented after the addition of the silica sol was completed,
intensely stirring for 30 minutes to obtain a reactant gel. The
molar ratio of components in the reactant gel is about:
1.5Na,0:4K,0:208i0,:1A1,0,:2HPO,*~:600H,0.

Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafluoroethylene liner, pre-crystallized
in an oven at 195° C. for 6 h, and then dynamically
crystallized at 150° C. for 72 h, with a rotational speed of 60
rpm. After the end of the crystallization, a resulting synthetic
product was filtered, washed with deionized water until
neutral, and then dried at 120° C. for 5 h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 108.7%, as shown in FIG. 19. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate formed by stacking of crystal
nanosheets, and significantly small crystal size and aggre-
gate size, as shown in FIG. 20.

It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 353 m%/g, a
microporous pore volume of 0.124 ¢cm’/g, a mesoporous
pore volume of 0.128 cm’/g, and mesopores thereof were
distributed at 15-35 nm, while a certain amount of macropo-
res were at 50-70 nm. A mercury intrusion experiment
showed that the sample had macroporous pore channels with
a macroporous pore volume of 0.73 cm?/g and a macropo-
rous pore diameter distribution of 100-650 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Example 8

1.238 g of potassium hydroxide having a purity of 95 wt.
% and 0.077 g of sodium hydroxide having a purity of 99 wt.
% were dissolved in 20 g of deionized water, and after
stirring well, 0.861 g of industrial grade sodium metaalu-
minate having a purity of 80 wt. % was added, stirring until
clear and transparent. At the same time, 2.923 g of dipotas-
sium hydrogen phosphate having a purity of 95 wt. % was
dissolved in 10 g of deionized water, which was dropwise
added to the above solution, stirring for 15 min, and then
33.6 g of silica sol having a concentration of 30 wt. % was
dropwise added to the solution, a small amount of deionized
water was supplemented after the addition of the silica sol
was completed, intensely stirring for 30 minutes to obtain a
reactant gel. The molar ratio of components in the reactant
gel is about: 2Na,0:6.5K,0:408i0,:1A1,0,:4HPO,*":
800H,,0.

Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafiuoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve with a relative
crystallinity of 108.5%, as shown in FIG. 21. It is deter-
mined through SEM that the ZSM-35 molecular sieve has a
sphere-like aggregate formed by stacking of crystal
nanosheets.
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It is determined through gas sorption analyzer that the
sample had a BET specific surface area of 342 m%g, a
microporous pore volume of 0.126 ¢cm’/g, a mesoporous
pore volume of 0.129 cm’/g, and mesopores thereof were
distributed at 20-30 nm, while a certain amount of macropo-
res were at 40-80 nm. A mercury intrusion experiment
showed that the sample had macroporous pore channels with
a macroporous pore volume of 0.72 cm®/g and a macropo-
rous pore diameter distribution of 100-650 nm.

The above results showed that the obtained ZSM-35
molecular sieve sample had a hierarchical macro-meso-
microporous pore structure.

Comparative Example 1

0.97 g of sodium hydroxide having a purity of 99 wt. %
was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until clear and transparent. At the
same time, 2.088 g of dipotassium hydrogen phosphate
having a purity of 95 wt. % was dissolved in 10 g of
deionized water, which was dropwise added to the above
solution, stirring for 15 min, and then 24 g of silica sol
having a concentration of 30 wt. % was dropwise added to
the solution, a small amount of deionized water was supple-
mented after the addition of the silica sol was completed,
intensely stirring for 30 minutes to obtain a reactant gel. The
molar ratio of components in the reactant gel is about:
3.5Na,0:2K,0:20810,:1A1,0,:2HPO,*~:600H,,0.

Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafluoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that the phase of the
synthetic product belongs to mordenite MOR, as shown in
FIG. 22. It is determined through SEM that its crystal form
is a massive aggregate formed by stacking of small cuboids,
as shown in FIG. 23 and FIG. 24.

Comparative Example 2

0.25 g of sodium hydroxide having a purity of 99 wt. %
and 1.061 g of potassium hydroxide having a purity of 95 wt.
% were dissolved in 20 g of deionized water, and after
stirring well, 1.23 g of sodium metaaluminate having a
purity of 80 wt. % was added, continuing to stir until a clear
and transparent solution is obtained. At the same time, 2.088
g of dipotassium hydrogen phosphate having a purity of 95
wt. % was dissolved in 10 g of deionized water, which was
dropwise added to the above solution, stirring for 15 min,
and then 24 g of silica sol having a concentration of 30 wt.
% was dropwise added to the solution, a small amount of
deionized water was supplemented after the addition of the
silica sol was completed, intensely stirring for 30 minutes to
obtain a reactant gel. The molar ratio of components in the
reactant gel is about: 2.0Na,0:3.5K,0:20S810,:1A1,0;:
2HPO,*":600H,0.

Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafluoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
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rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that phase of the synthetic
product belongs to a ZSM-35 molecular sieve, but charac-
teristic diffraction peak of mordenite is appeared at
206=9.77°, as shown in FIG. 25.

Comparative Example 3

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until a clear and transparent
solution is obtained. At the same time, 1.789 g of potassium
chloride having a purity of 98 wt. % was dissolved in 10 g
of deionized water, which was dropwise added to the above
solution, stirring for 15 min, and then 24 g of silica sol
having a concentration of 30 wt. % was dropwise added to
the solution, a small amount of deionized water was supple-
mented after the addition of the silica sol was completed,
intensely stirring for 30 minutes to obtain a reactant gel. The
molar ratio of components in the reactant gel is about:
1.5Na,0:4K,0:20810,:1A1,0,:600H,0.

Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.

The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafiuoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was filtered, washed with
deionized water until neutral, and then dried at 120° C. for
5h.

It is determined through XRD that its phase belongs to a
ZSM-35 molecular sieve, with a relative crystallinity of only
80.3%, as shown in FIG. 26.

A reactant gel with the same molar ratio was prepared,
and the crystallization time was extended to 96 h. After the
reaction was completed, a resulting synthetic product was
washed with deionized water until neutral, then dried at 120°
C. for 5 h. It is determined through XRD that phase of the
synthetic product belongs to a ZSM-35 molecular sieve with
a relative crystallinity of 99.3%, as shown in FIG. 27. It is
determined through SEM that its crystal form is a sphere-
like aggregate formed by stacking of crystal nanosheets, as
shown in FIG. 28. It is determined through gas sorption
analyzer that the sample had a BET specific surface area of
341 m?*/g, a microporous pore volume of 0.127 cm’/g, a
mesoporous pore volume of 0.119 cm?/g, and mesopores
thereof were distributed at 20-30 nm, while a certain amount
of macropores were at 40-80 nm.

Comparative Example 4

1.415 g of potassium hydroxide having a purity of 95 wt.
% was dissolved in 20 g of deionized water, and after stirring
well, 1.23 g of sodium metaaluminate having a purity of 80
wt. % was added, stirring until a clear and transparent
solution is obtained. At the same time, 1.789 g of potassium
chloride having a purity of 98 wt. % was dissolved in 10 g
of deionized water, which was dropwise added to the above
solution, continuing to stir for 15 min, and then 2.4 g of
ZSM-35 molecular sieve crystal seed were added to the
solution, intensely stirring for 1 h, finally 24 g of silica sol
having a concentration of 30 wt. % was dropwise added, a
small amount of deionized water was supplemented after the
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addition of the silica sol was completed, intensely stirring
for 30 minutes to obtain a reactant gel. The molar ratio of
components in the reactant gel is about: 1.5Na,0:4K,0:
20Si0,:1A1,05:600H,0.
Under stirring, the reactant gel was aged at 25-40° C. for
2-4 h to prepare a reactant gel precursor.
The reactant gel precursor was transferred to a 100 mL
reactor having polytetrafluoroethylene liner, and dynami-
cally crystallized in an oven at 175° C. for 72 h with a
rotational speed of 60 rpm. After the end of the crystalliza-
tion, a resulting synthetic product was washed with deion-
ized water until neutral, and then dried at 120° C. for 5 h.
It is determined through XRD that its phase belongs to a
ZSM-35 molecular sieve with a relative crystallinity of
100%, as shown in FIG. 29. It is determined through SEM
that the crystal form of the ZSM-35 molecular sieve was
lamellar, as shown in FIG. 30. It is determined through gas
sorption analyzer that the sample had a BET specific surface
area of 345 m®/g, a microporous pore volume of 0.162
cm®/g, and a mesoporous pore volume of only 0.066 cm®/g.
Finally, it should be noted that the foregoing embodiments
are merely intended for describing the technical solutions of
the present application other than limiting the present appli-
cation. Although the present application is described in
detail with reference to the foregoing embodiments, persons
of ordinary skill in the art should understand that they may
still make modifications to the technical solutions described
in the foregoing embodiments or make equivalent substitu-
tions to some or all technical features therein; these modi-
fications and substitutions will not make the spirit of the
corresponding technical solutions depart from the scope of
the technical solutions of the embodiments of the present
application.
What is claimed is:
1. A preparation method of a ZSM-35 molecular sieve,
wherein raw materials for the preparation method do not
comprise an organic template agent and a seed crystal,
comprising steps of:
preparing a reactant gel wherein a molar ratio of SiO,,
Al,0;, Na,O, K, O, oxygen-containing acid radical and
H,O is (20-40):1.0:(1.5-2.0):(4.0-6.5):(1.0-4.0):(600-
1200);

sequentially performing an aging treatment and a crystal-
lization treatment on the reactant gel, and washing and
drying a resulting synthetic product to obtain the ZSM-
35 molecular sieve.

2. The preparation method according to claim 1, wherein
reaction raw materials for preparing the reactant gel com-
prise an aluminum source, a silicon source, an acid phos-
phate, and water, and the oxygen-containing acid radical in
the reactant gel is derived from the acid phosphate.

3. The preparation method according to claim 2, wherein
the acid phosphate is selected from at least one of dipotas-
sium hydrogen phosphate, disodium hydrogen phosphate,
and diammonium hydrogen phosphate.

4. The preparation method according to claim 3, wherein
performing the aging treatment on the reactant gel is at a
temperature of 25-40° C., and an aging time is controlled to
be not less than 2 h.
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5. The preparation method according to claim 3, wherein
the crystallization treatment has a temperature of 150-195°
C. and a crystallization time of 48-120 h.
6. The preparation method according to claim 2, wherein
the reaction raw materials further comprise one or more of
sodium hydroxide, potassium hydroxide, sodium chloride
and potassium chloride, to satisfy a pH of the reactant gel to
10-12 and a ratio of Na,O to K,O.
7. The preparation method according to claim 6, wherein
performing the aging treatment on the reactant gel is at a
temperature of 25-40° C., and an aging time is controlled to
be not less than 2 h.
8. The preparation method according to claim 6, wherein
the crystallization treatment has a temperature of 150-195°
C. and a crystallization time of 48-120 h.
9. The preparation method according to claim 2, wherein
performing the aging treatment on the reactant gel is at a
temperature of 25-40° C., and an aging time is controlled to
be not less than 2 h.
10. The preparation method according to claim 2, wherein
the crystallization treatment has a temperature of 150-195°
C. and a crystallization time of 48-120 h.
11. The preparation method according to claim 1, wherein
performing the aging treatment on the reactant gel is at a
temperature of 25-40° C., and an aging time is controlled to
be not less than 2 h.
12. The preparation method according to claim 1, wherein
the crystallization treatment has a temperature of 150-195°
C. and a crystallization time of 48-120 h.
13. The preparation method according to claim 12,
wherein the crystallization treatment is a two-stage crystal-
lization treatment, wherein:
the first-stage crystallization treatment is performed at
150-175° C. for 6-24 h, and the second-stage crystal-
lization treatment is performed at 175-195° C. for
48-72 h; or

the first-stage crystallization treatment is performed at
175-195° C. for 6-24 h, and the second-stage crystal-
lization treatment is performed at 150-175° C. for 6-72
h.
14. The preparation method according to claim 12,
wherein the crystallization is a rotational dynamic crystal-
lization with a rotation rate of 30-60 rpm.
15. The preparation method according to claim 1, wherein
the crystallization treatment is a two-stage crystallization
treatment, wherein:
the first-stage crystallization treatment is performed at
150-175° C. for 6-24 h, and the second-stage crystal-
lization treatment is performed at 175-195° C. for
48-72 h; or

the first-stage crystallization treatment is performed at
175-195° C. for 6-24 h, and the second-stage crystal-
lization treatment is performed at 150-175° C. for 6-72
h.

16. The preparation method according to claim 15,
wherein the crystallization is a rotational dynamic crystal-
lization with a rotation rate of 30-60 rpm.
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